Abstract Navigation through a previously deployed and deformed stent is a difficult interventional task. Inadvertent navigation through the struts of a stent can potentially lead to incomplete secondary stent extension and vessel occlusion. Better visualisation of the pathway through the stent can reduce the risks of the procedural complications and reduce the reluctance of the interventionalist to navigate through a previously deployed stent. We describe a technique of visualisation of the pathway navigated by a guidewire through a previously deployed deformed and fractured carotid stent by the use of DynaCT. Threedimensional reconstruction of the stent/microwire allows excellent visualisation of the correct pathway of the microwire within the stent.
Introduction and technique
A 73-year-old man with a previously symptomatic significant carotid stenosis underwent carotid endarterectomy using a venous patch. At 6 months follow-up ultrasonography control showed significant recurrence of the stenosis. The patient was treated with carotid stenting using an Acculink stent (10×20 mm, Abbott Laboratories, Abbott Park, USA). Although the check angiogram after the intervention illustrated normal stent placement and structure ( Fig. 1) , a follow-up magnetic resonance angiography 6 months later depicted significant asymptomatic recurrence of the stenosis (Fig. 2a) . The stent structure showed deformity and fracture of the stent meshes at the distal end (Fig. 2b, c) . A decision was made for re-stenting of the stenosis in combination with balloon angioplasty.
Under local anaesthesia, a routine cerebral angiogram using a biplane subtraction neuroangiography (Siemens Axiom Artis zee, Siemens, Erlangen, Germany) was performed showing a high-grade stenosis of the left common carotid artery. A Galeo Hydro 0.14 microwire (Biotronik Inc., Lake Oswego, USA) was carefully navigated through the stenosis.
A non-contrasted DynaCT was performed with a commercially available software (Dyna-CT; Siemens Medical Solution, Forchheim, Germany) using the following parameters: 20-s acquisition, 0.4°increment, 512 matrix in projections, 220°total angle, 20°/s, and 15 frames per second. Radiation dose applied for the DynaCT was 4,526.1 μGym 2 and 222 mGy. Image post-processing, including axial and sagittal multiplanar reconstruction reconstructions as well as 3D reconstructions depicting the microwire passing within the stent, was performed on a commercially available workstation (Leonardo; Siemens Medical Solutions).
The DynaCT elegantly illustrated the correct placement of the mircrowire within the stent. Review of the sagittal and axial reconstructed images excluded that the microwire was navigated across the stent struts (Fig. 3) .
A Cristallo ideale stent (6-9×30 mm, Invatec, Roncadelle, Italy) was navigated along the microwire, and the stent was deployed without complications. An Avion 4.5×20 mm balloon (Invatec, Roncadelle, Italy) was also navigated across the stenosis, and balloon angioplasty was performed without difficulty (Fig. 4) . The post-interventional duplex sonography control after 3 months showed no restenosis.
Discussion
The introduction of C-arm mounted flat-panel detector technology capable of high spatial resolution on detectorequipped angiographic devices has become a helpful tool for the neurointerventionalist for fast, "on the table" evaluation of treatment results or intraprocedural compli- Fig. 1 a DSA depicting recurrent high-grade stenosis after carotid endarterectomy using a venous patch. b Post-interventional angiogram illustrating vessel lumen reconstruction and correct stent placement cations. Applications include assessment for the extent of subarachnoid haemorrhage and the width of the ventricles [1] and immediate evaluation of coil and stent placement in the treatment of intracranial aneuryms [2] [3] [4] [5] . DynaCT has been shown to be capable to visualise the struts of a stent to illustrate stent placement during remodelling of intracranial aneurysms [3, 4] .
Restenosis rates of carotid arteries after stenting are up to 12.8% at 6 months and 15.9% at 1 year [6] . Most restenoses after carotid stenting are due to intimal hyperplasia and smooth muscle hypercellularity, where navigation through the stenosis is not a problem and which can be treated by balloon angioplasty and/or re-stenting. Stent fracture significantly increases the likelihood of in-stent stenosis [7] . Stent fractures of carotid stents leading to highgrade in-stent restenosis have been described by several authors [8] [9] [10] [11] [12] . Ling et al. [13] reported a prevalence of stent fractures of up to 29.2%. Restenosis occurred in 21% of those fractured stents with an average follow-up of 15 months. These cases might necessitate a high-quality imaging technique to more precisely delineate the location of the microwire across the previously deployed stent in cases of re-stenting. Navigation through a previously deployed stent may be associated with a more complicated procedure, especially, if the stent is dislodged, deformed or even fractured. The advantage of DynaCT is the ability to immediately confirm the position of the microwire during intervention and the short processing times in acquiring high quality images. Its application allows a controlled and safe re-stenting in these selected cases. 
Conclusion
The use of DynaCT to facilitate the navigation through a previously deployed and fractured stent has been shown to be feasible. The procedure allows a controlled and safe restenting procedure minimising the risk of inadvertent navigation across the stent struts.
